I
n 1976, Cameron et al. (1) characterized "internal pancreatic fistula" and coined the term. It is a condition in which pancreatic secretions drain into a body cavity rather than into the duodenum.
Today, the pathogenesis of internal pancreatic fistulas is well established, and it has been demonstrated that these fistulas originate from a disrupted main pancreatic duct or a leaking pseudocyst. If the duct is disrupted anteriorly, pancreatic exocrine secretion leaks into the free peritoneal cavity, leading to pancreatic ascites. If the duct is disrupted posteriorly, the pancreatic exocrine secretion leaks through the retroperitoneum into the mediastinum via the aortic or esophageal hiatus. If the secretions break through the pleura, pleural effusion (either hemorrhagic or not) can result on one or both sides (1) (2) (3) .
In adults, this pathologic manifestation is usually secondary to chronic alcoholic pancreatitis (4) . Unlike adult disorders, children's pancreatic disorders are relatively uncommon, and the exact rate is unknown. The three leading causes of acute pancreatitis in children are viral infections, drugs, and trauma. In addition, congenital obstruction of pancreatic flow represents a severe predisposing factor for episodes of acute pancreatitis in children (5) . Pancreas divisum is the most common congenital variant of pancreatic ductal development and occurs in approximately 10% of individuals when the ventral and dorsal ducts of the embryonic pancreas fail to fuse during organogenesis (6) .
Once suspected, diagnosis of internal pancreatic fistula can be difficult. The diagnosis is confirmed by paracentesis and thoracentesis, in which the analysis of the fluid reveals a high amylase content (Ͼ1000 Somogyi units/100 mL) and a high protein content (Ͼ3 g/100 mL) (4) .
Maintaining a high index of suspicion is essential for the etiologic diagnosis and for avoiding any iatrogenic pitfall.
CASE REPORT
An 18-month-old boy was referred to our pediatric intensive care unit from another pediatric intensive care unit. Diagnosis at admission, on the basis of a scintigraphy, was pulmonary sequestration with recurrent airway bleeding and pleural effusion.
The child's clinical history included an unexpected pleural effusion 1 yr earlier that caused dyspnea and hypoxia; a diagnosis of right hemothorax was made radiologically and with thoracentesis (Ht blood 27/Ht pleural effusion 13). He underwent urgent thoracotomy; no source of active bleeding was found.
All chemical blood tests were negative, except for a sporadic finding of high lipase level.
The bleeding episodes in the pleural space persisted afterward; the child underwent subsequent thoracentesis and three new right thoracotomies with decortication. In addition, a tracheotomy was performed because of poor respiratory function.
In the light of the persistent airway bleeding, a different pathogenesis was considered and an arteriography was performed; on the basis of this test and of scintigraphy, a diagnosis of pulmonary sequestration was made. The child then underwent three subsequent embolizations without a definitive resolution of symptoms.
To summarize, the child was in the first hospital for about 1 yr, alternating periods of relative well being with others of acute symptomatology (bleeding, fever, hypoxia, abdominal distension). Treatment included mechanical ventilation, repeated antibiotic therapies, and multiple transfusions.
The patient was transferred to our institution to undergo the fourth embolization. The day after the procedure, airway bleeding was still present; a chest CT scan was carried out, showing some dependent consolidation and an oval cystic lesion, thin walled (with an air-fluid level) surrounded by consolidated parenchyma in the right lung (Fig. 1) .
The chest CT scan guided us to insert drainage in the largest lesion; the liquid drained was then sent to our laboratory for chemical analysis showing an amylase level of 112800 U/ml. A successive CT scan of the thorax and abdomen revealed a retroperitoneal mass connected to a posterior mediastinal mass. No other associated anatomical anomalies were found.
This surprising result, in addition to the high content of plasma lipase since his first thoracotomy, strongly suggested a diagnosis of pancreatic fistula, probably responsible for the child's dramatic and complex clinical history. This changed our strategy completely.
A magnetic resonance cholangiopancreatography revealed a cystic formation in the head of the pancreas, with a possible separated accessory pancreatic duct (Fig. 2) suggesting a pancreas divisum anomaly.
Initial management was conservative, with chest tube drainage, total parenteral nutrition, and an intravenous infusion of octreotide (1-3 g·kg Ϫ1 ·hr Ϫ1 ]). After 3 wks, the symptoms disappeared and the amylase level in the right lung normalized. Oral nutrition was initiated, but symptoms such as hemoptysis, gastric distension, and a high level of amylase in the right lung reappeared.
Total parenteral nutrition and intravenous infusion of octreotide were restarted; a new computed tomographic scan of the thorax and abdomen revealed increased size of the retroperitoneal and posterior mediastinal mass.
The radiologist inserted a retroperitoneal pigtail drainage in the fistula, reaching the pancreatic head cysts, with remarkable improvement of symptoms. The gastroenterologist then performed several endoscopic retrograde cholangiopancreatographies to attempt an endoscopic sphincterotomy of the Santorini duct but without success. This intervention, however, showed no communication between the Santorini and Wirsung ducts, definitively confirming the diagnosis of pancreas divisum (6, 7) .
Retroperitoneal drainage ensured relative well-being to the child; after this procedure, we observed several episodes of acute exacerbations of pancreatitis, so the pediatric surgeon decided to perform a surgical sphincterotomy of both papillae. The child was sent home 7 months after admission to our hospital. Nevertheless, he had more episodes of acute exacerbations of pancreatitis requiring hospitalization, but without further admission to the pediatric intensive care unit. In April 2004 (10 months after the first admission to our hospital), the pediatric surgeons decided to perform an anastomosis of the cyst to the small bowel via a Roux-en-Y loop; they also closed the fistula with suture. The child is now at home. No other episode of acute exacerbations of pancreatitis has been observed.
Institutional review board approval for publication of this case report was obtained.
DISCUSSION
Today, internal pancreatic fistulas with ascites and pleural effusion have become well-recognized complications of chronic inflammatory disease of the pancreas. In the absence of acute pancreatitis, a duct disruption is not completely walled off, so an internal fistula may develop (1, 4) . Once in the mediastinum, pancreatic secretions form thoracopancreatic fistulas that may be pancreaticopleural, mediastinal pseudocystic, pancreatic-bronchial, or pancreaticpericardial, according to their anatomic location (8) .
As already suggested by other authors, pancreatic diseases are relatively uncommon in the paediatric population, and we found only two reports of pancreatic pleural fistula in children (9, 10). There- fore, there must be a high index of suspicion to reveal their occurrence (2) .
In this case, the diagnosis of pancreatic pleural fistula was delayed because respiratory symptoms predominated and underlying pancreatic symptoms were weak. Light's (11) criteria (such as lactate dehydrogenase and protein content) were not analyzed after the first thoracocentesis to screen pleural transudate from exudate. Light's criteria are significantly superior to the clinical presumption to separate pleural transudate from exudates, losing accuracy only in patients receiving diuretics (12) . Moreover, the ratio between pleural Ht fluid and blood Ht did not precisely discriminate a hemothorax (11) , and only unstable hemodynamic conditions justified an urgent thoracotomy in this small child (13) .
With these missing data, the key to the diagnosis in our patient was the finding of an elevated amylase level in the fluid of pulmonary bulla. Routine pleural-fluid amylase assessment is usually not useful, but it should be made if the history suggests pancreatic disorders (high lipase level in the history) or if common causes of pleural effusion have already been excluded (heart failure, cirrhosis, nephrosis, infection) (11, 12) .
Detailed radiologic imaging is required for diagnosis of pancreas divisum. Magnetic resonance cholangiopancreatography provides rapid, accurate images of the biliary tract and of the pancreatic duct without the adverse effects typical of endoscopic retrograde cholangiopancreatography (14, 15) . For this reason, the use of magnetic resonance cholangiopancreatography in children should be encouraged, whereas endoscopic retrograde cholangiopancreatography should be carefully considered and limited to therapeutic procedures, as recommended by the North American Society for Paediatric Gastroenterology and Nutrition (15) . In our case, magnetic resonance cholangiopancreatography showed a separate dorsal and ventral pancreatic ducts consistent with pancreas divisum (6) .
Our experience confirmed, as in previous reported cases, the need for a multidisciplinary approach in the management of childhood pancreatic disorders (2, 5) .
Once the diagnosis of pancreatic pleural fistula is established, the child should be managed conservatively with octreotide and total parenteral nutrition to promote resolution of the pleural effusion and closure of the fistula. This treatment is to be considered only for a short duration (Յ3 wks) because sepsis complications increase with prolonged total parenteral nutrition use (4, 16, 17) . Failure of conservative therapy should be considered if effusion from internal pancreatic fistula continues or if it recurs after reinstitution of oral feeding (5) .
If aggressive medical therapy fails, other nonconservative approaches have to be considered. There are relatively limited published data regarding the use and effectiveness of therapeutic endoscopy and radiologic interventions for the management of pancreatic disorders in children. Endoscopic retrograde cholangiopancreatography has only recently been accepted as a therapeutic modality for children (15) . Surgery has to be considered only when conservative and medical/ endoscopy approaches have failed (4).
In conclusion, pancreatic pleural fistula may be an unusual manifestation of an unusual anomaly such as pancreas divisum. Measurement of pleural fluid amylases is the key to making a diagnosis of pancreatic pleural fistula. Magnetic resonance cholangiopancreatography is a noninvasive, rapid, and accurate imaging method for studying the pancreatic ducts in children without the collateral effects of endoscopic retrograde cholangiopancreatography.
A multidisciplinary and systematic approach to the infant's pathophysiology and an open-minded attitude are the key instruments of pediatric intensive care unit staff.
